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(54) Apparatus for and method of displaying pseudo-three-dimensional image 

(57) A pseudo-three-dimensional image displaying 
apparatus displays a pseudo-three-dimensional image, 
as viewed from a given viewpoint, of a moving object 
whose three-dimensional coordinates and rotational 
angles have been established. The pseudo-three- 
dimensional image displaying apparatus has a memory 
for storing a history of coordinates and/or rotation 
angles of the moving object, a viewpoint calculator for 
determining coordinates and/or rotation angles of the 
viewpoint based on the history, stored in the memory, of 
coordinates and/or rotation angles of the moving object, 
and a data calculator for generating and displaying an 
image as viewed from the viewpoint at the coordinates 
and/or rotation angles determined by the viewpoint cal- 
culator 




w > K TURBULENCE Z0NE<Z3)| " 

' - ^ > : 1 - . ^ 




Primed by Xerox (UK) Business Services 
2.16.3/3.4 



BNSDOCID: <EP 0859338A2_I_> 



EP 0 859 338 A2 



Description 

The present invention relates to an apparatus for and a method of displaying a pseudo-three-dimensional image, 
as viewed from a certain viewpoint, of a moving object whose three-dimensional coordinates and rotational angles have 
5 been established, such as a game character in a displayed video game image, and a machine-readable recording 
medium which stores a computer program for displaying such a pseudo-three-dimensional image. Description of the 
Prior Art: 

There have heretofore been known pseudo-three-dimensional image displaying apparatus for displaying and con- 
trolling a moving object such as a game character in a displayed video image depending on control actions made by a 
io game player, and game apparatus including such pseudo-three-dimensional image displaying apparatus. Recent years 
have seen game apparatus which incorporate the advanced computer graphics technology for storing all data of mov- 
ing objects, scenes, and obstacles as polygon data, and displaying images including such moving objects, scenes, and 
obstacles as viewed from a certain viewpoint in a certain direction. Polygon data normally have at least three-dimen- 
sional coordinates corresponding to the vertexes of polygons, and moving objects, etc. are actually three-dimensional 

75 objects. Since, however, display units such as CRTs or the like for displaying video images have a two-dimensional dis- 
play screen, the display units display images of such moving objects, etc. as viewed from a certain viewpoint as images 
that are projected onto such a two-dimensional display screen, i.e., pseudo-three-dimensional images which look 
pseudo-three-dimensionally on the two-dimensional display screen. 

Viewpoints from which game images are viewed vary depending on the contents of video games played on video 

20 game apparatus. For example, in a video game in which the game player moves a displayed character along a certain ^ 
path, such as a driving video game, the viewpoint is fixedly established along the direction in which the character moves 
and behind the character. In video games in which the game player can move a character relatively freely in a given 
field, such as martial-arts games, sports games, etc., the viewpoint is fixed at a distance position from which the char- 
acter as it moves can be observed or at a position from which the character as it moves can be followed, as if viewed 

25 from a television camera viewpoint. 

In the conventional pseudo-three-dimensional image displaying apparatus, the viewpoint from and the direction in 
which a moving object such as a character is viewed are established depending on the present position and direction 
of the moving object This image viewing principle poses no problem with respect to video games, such as sports 
games, which will not make the game player feel odd even when the viewpoint of the game player is not the same as 

30 the viewpoint in the displayed images. However, in video games, such as driving video games or the like, in which the 
viewpoint of the game player should preferably be the same as the viewpoint in the displayed images, the game player 
may feel odd because the viewpoint of the game player may not be the same as the viewpoint in the displayed images 
according to the above image viewing principle. 

Reasons why such a problem occurs will be described below with respect to a driving video game. In the driving 

35 video game, a viewpoint may be established in some instances to reproduce a scene as viewed from the driver in a car 
on the display screen. In such a case, the viewpoint is usually established in order to view a front scene from a certain 
position in the car through the front windshield of the car. Insofar as the car is running at a constant speed in a fixed 
direction, the field of view of the driver is substantially the same as the field of the image that is being displayed on the 
display screen. However, when the car driven by the driver makes a turn, the driver is swung laterally under centrifugal 

40 forces, and its position relative to the car changes, resulting in a possible discrepancy between the field of view of the ) 
driver and the field of the image that is being displayed on the display screen. 

One solution would be to simulate forces acting on characters, i.e., the car and the driver, and calculate a viewpoint 
from and a direction in which a front scene is to be viewed depending on the calculated forces. However, if a strict sim- 
ulation process is to be carried out to establish an accurate viewpoint, then the number of parameters to be taken into 

45 account will be greatly increased and the time required to calculate the forces will also be greatly increased, making it 
difficult to effect real-time simulation processing. In the driving game, since the car (character) basically moves in a two- 
dimensional plane, behaviors of the character can physically (dynamically) be simulated relatively easily. However, 
character behaviors cannot accurately be simulated for video games which employ characters such as airplanes that 
move freely three-dimensionally in midair. 

so It is therefore an object of the present invention to provide an apparatus for and a method of displaying a pseudo- 

three-dimensional image by easily simulating a viewpoint from and a direction in which the image is viewed, depending 
on the orientation of a player. 

Another object of the present invention is to provide a machine-readable recording medium which stores a compu- 
ter program for displaying such a pseudo-three-dimensional image. 

55 According to an aspect of the present invention, there is provided an apparatus for displaying a pseudo-three- 
dimensional image, as viewed from a given viewpoint, of a moving object whose three-dimensional coordinates and 
rotational angles have been established, comprising first memory means for storing a history of coordinates and/or rota- 
tion angles of the moving object, viewpoint determining means for determining coordinates and/or rotation angles of the 
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viewpoint based on the history, stored in the first memory means, of coordinates and/or rotation angles of the moving 
object, and display control means for generating and displaying an image as viewed from the viewpoint at the coordi- 
nates and/or rotation angles determined by the viewpoint determining means. 

The apparatus further comprises second memory means for storing a history of coordinates and/or rotation angles 
of the viewpoint, the viewpoint determining means comprising means for determining coordinates and/or rotation 
angles of the viewpoint also based on the history, stored in the second memory means, of coordinates and/or rotation 
angles of the viewpoint. 

The apparatus further comprises speed calculating means for calculating a speed of the moving object, the view- 
point determining means comprising means for determining coordinates and/or rotation angles of the viewpoint also 
based on the speed of the moving object calculated by the speed calculating means. 

- The moving object moves over terrain whose three-dimensional coordinates have been established, and the appa- 
ratus further comprises gradient calculating means for calculating a gradient of the terrain below the moving object, the 
viewpoint determining means comprising means for determining coordinates and/or rotation angles of the viewpoint 
also based on the gradient calculated by the gradient calculating means. 

According to another aspect of the present invention, there is provided a method of displaying a pseudo-three- 
dimensional image, as viewed from a given viewpoint of a moving object whose three-dimensional coordinates and 
rotational angles have been established, comprising the steps of storing a history of coordinates and/or rotation angles 
of the moving object, determining coordinates and/or rotation angles of the viewpoint based on the stored history of 
coordinates and/or rotation angles of the moving object, and generating and displaying an image as viewed from the 
viewpoint at the determined coordinates and/or rotation angles. 

The method further comprises the steps of storing a history of coordinates and/or rotation angles of the viewpoint, 
and determining coordinates and/or rotation angles of the viewpoint also based on the stored history of coordinates 
and/or rotation angles of the viewpoint. 

The method further comprises the steps of calculating a speed of the moving object, and determining coordinates 
and/or rotation angles of the viewpoint also based on the calculated speed of the moving object. 

The moving object moves over terrain whose three-dimensional coordinates have been established, and the 
method further comprises the steps of calculating a gradient of the terrain below the moving object, and determining 
coordinates and/or rotation angles of the viewpoint also based on the calculated gradient. 

According to still another aspect of the present invention, there is provided a machine-readable recording medium 
which stores a computer program for controlling a computer to execute a process of displaying a pseudo-three-dimen- 
sional image, as viewed from a given viewpoint, of a moving object whose three-dimensional coordinates and rotational 
angles have been established, the computer program comprising the steps of storing a history of coordinates and/or 
rotation angles of the moving object, determining coordinates and/or rotation angles of the viewpoint based on the 
stored history of coordinates and/or rotation angles of the moving object and generating and displaying an image as 
viewed from the viewpoint at the determined coordinates and/or rotation angles. 

The above and other objects, features, and advantages of the present invention will become apparent from the fol- 
lowing description when taken in conjunction with the accompanying drawings which illustrate a preferred embodiment 
of the present invention by way of example. 

FIG. 1 is a schematic perspective view showing a flight environment that can be simulated in a flight simulation 
game which is played on a flight simulation game apparatus which incorporates a pseudo-three-dimensional image 
displaying apparatus according to the present invention; 

FIG. 2 is a perspective view of an internal structure of the flight simulation game apparatus; 

FIG. 3A is an exploded fragmentary perspective view of a biasing structure of the flight simulation game apparatus; 

FIG. 3B is a fragmentary perspective view of the biasing structure; 

FIG. 4 is a fragmentary perspective view of a body holder of the flight simulation game apparatus; 

FIG. 5 is a block diagram of a control system of the flight simulation game apparatus; 

FIG. 6 is a block diagram of functions that are performed by the control system shown in FIG. 5; 

FIGS. 7 and 8 are diagrams illustrative of a process of calculating linear and angular displacements of a viewpoint; 

and 

FIG. 9 is a flowchart of an operation sequence of the flight simulation game apparatus. 

As shown in FIG. 1, a flight simulation game apparatus 1 (see FIG. 2) which incorporates a pseudo-three-dimen- 
sional image displaying apparatus according to the present invention simulates a hang glider H as a flight vehicle to 
enable a game player to experience physical sensations of flight in midair in a flight simulation game. The hang glider 
H is in the shape of an isosceles triangle as viewed in plan, and has a lightweight metal frame and a triangular wing H1 
of cloth which is attached to the lightweight metal frame. 

The hang glider H also has a hanger H2 for supporting a pilot M, the hanger H2 being connected to and extending 



3 



OB5933BAP I > 



EP 0 859 338 A2 



downwardly from a centra! portion of the lightweight metal frame. The hang glider H further includes a horizontal control 
lever H3 connected to and extending downwardly from a front portion of the lightweight metal frame. The pilot M sus- 
pended by the hanger H2 moves the control lever H3 horizontally in one direction or the other to turn the hang glider H 
to the left or right The pilot M can also change the direction of the hang glider H or lift or lower the hang glider H by 
s shifting the body weight through the hanger H2. 

As shown in FIG. 1, an actual flight environment includes an updraft zone Z1, a downdraft zone 22. and a turbu- 
lence zone Z3. The hang glider H in flight is lifted when it enters the updraft zone 21 and lowered when it enters the 
downdraft zone 22, and becomes unstable when it enters the turbulence zone 23. While in flight in the flight environ- 
ment, the pilot M controls the control lever H3 to fly over a plain and a river, avoid a mountain, and maneuver the hang 
io glider H in the turbulence zone 23 with flying techniques for thereby enjoying soaring experiences. 

The flight simulation game apparatus 1 enables the game player to experience and enjoy the simulated flight of the 
hang glider H. The flight simulation game apparatus 1 is arranged to hold the game player in an attitude which simulates 
the suspended position of the pilot M on the hanger H2, and also to display three<limensional images of forward and 
downward scenes as viewed in the directions indicated by the arrows. The displayed three-dimensional images change 
is as the game player make control actions in a manner similar to actual control actions, so that the game player can gain 
simulated visual flight experiences similar to actual visual flight experiences. 

The flight simulation game apparatus 1 will be described in detail below with reference to FIG. 2 through 4. 

FIG. 2 shows an internal structure of the flight simulation game apparatus 1, which incorporates a control lever 
moving mechanism 4 according to a first embodiment of the present invention. Principal directions with respect to the 
20 internal structure of the flight simulation game apparatus 1 will hereinafter be referred to as transverse directions indi- \ 
cated by the arrows + X; - X and longitudinal directions indicated by the arrows + Z, - 2 in FIG. 2. Particularly, the direc- 
tion indicated by the arrow - X will be referred to as a leftward direction, the direction indicated by the arrow + X as a 
rightward direction, the direction indicated by the arrow - 2 as a forward direction, and the direction indicated by the 
arrow + Z as a backward direction. 
25 The flight simulation game apparatus 1 comprises a framework 2 made up of a three-dimensional assembly of 
angles, a control lever 3 mounted on a rear end of an upper portion of the framework 2, a control lever moving mecha- 
nism 4 on which the control lever 3 is supported for movement in the longitudinal directions, a body holder 5 for holding 
the legs of a game player, the body holder 5 being positioned on a rear end of a lower portion of the framework 2, a 
display monitor 6 for displaying images of simulated scenes while in flight, and a control system (display control means) 
30 7 having a microcomputer for scrolling displayed images on the display monitor 6. 

The term "scrolling" is used herein to mean continuous movement through three-dimensional images of scenes 
displayed by the display monitor 6 during simulated flight based on control actions on the control lever 3. 

The framework 2 has a pair of transversely spaced base frames 21 installed in a floor F and a pair of transversely 
spaced L-shaped frames 22 supported respectively on the base frames 21 . Each of the L-shaped frames 22 comprises 
35 a horizontal bar 22a fixed to one of the base frames 21 and a vertical bar 22b extending vertically from an end of the 
horizontal bar 22a remotely from the base frame 21. The vertical bars 22b of the L-shaped frames 22 have respective 
upper ends interconnected by an upper front horizontal bar 23. 

Rear ends of the horizontal bars 22a and intermediate portions of the vertical bars 22b are interconnected by a pair 
of transversely spaced intermediate frames 24 each comprising a vertical bar 24a and a horizontal bar 24b. The hori- 
40 zontal bars 24b, whose rear ends are joined to respective upper ends of the vertical bars 24a, are joined to respective ) 
transversely spaced upstanding Irames 25 which have respective lower ends connected to the respective horizontal 
bars 22a near front ends thereof. 

The upstanding frames 25 have respective upper ends positioned at substantially the same height as the upper 
front horizontal bar 23. The upper ends of the upstanding frames 25 and the upper front horizontal bar 23 support ther- 
45 eon a substantially square frame 26 which comprises a front transverse horizontal bar 26a, a rear transverse control 
lever support plate 26b spaced longitudinally from the front transverse horizontal bar 26a, and a pair of transversely 
spaced, longitudinal joint bars 26c extending between and interconnecting the ends of the front transverse horizontal 
bar 26a and the rear transverse control lever support plate 26b. The rear ends of the joint bars 26c are connected to 
the upstanding frames 25 by diagonal bracings 256. Accordingly, the substantially square frame 26 is stably supported 
so on the upstanding frames 25 and the upper front horizontal bar 23 with the aid of the diagonal bracings 256. 

The control lever 3. the control lever moving mechanism 4, the body holder 5, the display monitor 6, and the control 
system 7 are supported on the framework 2 of the above structure as described in detail below. 

The control lever 3 is attached to the control lever support plate 26b through the control lever moving mechanism 
4 for movement in the longitudinal directions. The control lever 3 is basically of a U shape that slightly spreads down- 
55 wardly as viewed in the forward direction - Z from the body holder 5. Specifically, the control lever 3 comprises a pair of 
transversely spaced vertical rods 31 extending downwardly from opposite sides of the control lever moving mechanism 
4 and progressively spreading away from each other, and a horizontal grip rod 32 extending between and connected to 
lower ends of the vertical rods 31 . The game player grips the grip rod 32 with both hands and moves the grip rod 32 in 
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the longitudinal directions - Z, + Z to make control actions for playing the flight simulation game. 

The control lever moving mechanism 4 comprises a pair of transversely spaced bearings 41 mounted on the control 
lever support plate 26b, a horizontal shaft 42 rotatably supported by the bearings 41 for angular movement about its 
own axis, a plurality of biasing structures 43 mounted on the control lever support plate 26b and spaced along the hor- 

5 izontal shaft 42 between the bearings 41 , for imparting resistive or biasing forces to the horizontal shaft 42 against 
angular movement thereof, and an angular displacement sensor 44 mounted on the control lever support plate 26b and 
connected coaxially to a left end of the horizontal shaft 42 for detecting an angular displacement of the horizontal shaft 
42. As shown in FIGS. 3A and 3B, the horizontal shaft 42 comprises a pair of cylindrical rods 42a (only one shown) 
rotatably supported by the bearings 41 and a prismatic rod 42b extending between the cylindrical rods 42a. The vertical 

io rods 31 of the control lever 3 have respective upper ends fixed to the horizontal shaft 42 near the respective bearings 
41 so that the horizontal shaft 42 can be angularly moved about its own axis when the control lever 3 is moved in the 
longitudinal directions - Z, + Z by the game player. 

One of the biasing structures 43 is shown in detail in FIGS. 3A and 3B. Since the biasing structures 43 are identical 
to each other, only the biasing structure 43 shown in FIGS. 3A and 3B will be described below. The biasing structure 

75 43 is constructed such that it generates recovery forces against an applied angular displacement at a rate that 
increases in proportion to the displacement from a reference position. Specifically, the biasing structure 43 comprises 
a channel-shaped bracket 43a fixed to the control lever support plate 26b, an outer tube 43b of rectangular cross sec- 
tion housed in the bracket 43a, an inner tube 430b of rectangular cross section fitted in the outer tube 43b, and four 
cylindrical rubber recovery members 43c interposed between the outer tube 43b and the inner tube 430b. 
\ 20 The inner tube 430b has an inner hole defined therein whose dimensions are slightly greater than the dimensions 
' of the prismatic rod 42b. The inner tube 430b and the prismatic rod 42b fitted therein can rotate in unison with each 

other about the axis of the horizontal shaft 42. 

As shown in FIG. 3B, the inner tube 430b placed in the outer tube 43b has its four corners facing the respective 
sides of the outer tube 43b, leaving four spaces of triangular cross section between the four outer sides of the inner tube 

25 430b and the four corners of the outer tube 43b. The four cylindrical rubber recovery members 43c are positioned 
respectively in these spaces and held against the respective outer sides of the inner tube 430b. With the prismatic rod 
42b fitted in the inner tube 430b, the horizontal shaft 42 is attached to the control lever support plate 26b through the 
biasing structure 43. 

When the game player grips the grip rod 32 (see FIG. 2) and turns the control lever 3 about the axis of the grip rod 
30 32, the prismatic rod 42b and hence the inner tube 430b elastically deforms the rubber recovery members 43c, which 
store resilient recovery forces. When the game player releases the grip rod 32, the control lever 3 automatically returns 
to its original position under the resilient recovery forces stored in the rubber recovery members 43c, which now recover 
thejr original shape. 

Unlike ordinary helical springs, the biasing structure 43 imparts recovery forces that are relatively small when the 
35 angular displacement of the horizontal shaft 42 about its own axis is small, but increase quadratically as the horizontal 
shaft 42 increases the angular displacement about its own axis. Such quadratically variable recovery forces generated 
by the biasing structure 43 give the hands of the game player responses similar to those which will actually be experi- 
enced by the pilot of a hang glider that is in actual flight. 

FIG. 4 shows the body holder 5 in detail. As shown in FIG. 4, the body holder 5 comprises a body holder frame 51 , 
) 40 a leg rest 52 and a thigh support 53 which are mounted on the body holder frame 51 , and a body holder moving mech- 
^ anism 54 for moving the body holder frame 51 in the transverse directions - X, + X. 

The body holder frame 51 is of a rectangular shape as viewed in plan, and is positioned behind the lower portion 
of the framework 2 and has its bottom spaced upwardly from the floor F. The leg rest 52 is in the form of a flat plate 
disposed on a rear portion of the body holder frame 51 and has its general plane inclined at a small angle downwardly 
45 in the forward direction - Z. The thigh support 53 is positioned in front of the leg rest 52 and inclined upwardly in the 
forward direction - Z. The angle at which the leg rest 52 is inclined to the horizontal plane is selected such that the game 
player on the body holder 5 has its body tilted forwardty, and the angle at which the thigh support 53 is inclined to the 
horizontal plane is selected such that the forwardly tilted body of the game player can be borne by the legs of the game 
player on the leg rest 52. 

so The thigh support 53 has a rear surface supporting thereon a pad 53a made of a soft material such as cellular plas- 
tic or the like. The pad 53a has a central vertical valley or trough 53b and a pair of side ridges 53c disposed one on each 
side of the central vertical trough 53b. When the game player is positioned on the body holder 5 with the legs placed on 
the leg rest 52, the thighs are fitted in the central vertical trough 53b between the side ridges 53c. 

The body holder moving mechanism 54 is supported on an inner frame 27 disposed in a front region of the lower 

55 portion of the framework 2. The inner frame 27 comprises upper and lower pairs of longitudinally spaced, transverse 
angles 27c, a pair of vertically spaced, upper and lower support plates 27a mounted on the transverse angles 27c and 
extending longitudinally therebetween, and a pair of vertically spaced, upper and lower bearings 27b fixedly mounted 
on the respective support plates 27a in concentric relation to each other. 



5 



EP 0 859 338 A2 



The body holder moving mechanism 54 comprises a vertical shaft 55 rotatably supported on the upper and lower 
bearings 27b for angular movement about its own axis, a horizontal connector 56 connected at a front end thereof to 
the vertical shaft 55 between the bearings 27b, and a second biasing structure 57 mounted on an upper end of the ver- 
tical shaft 55 which projects upwardly from the upper bearing 27b. 
5 The connector 56 extends rearwardly from the vertical shaft 55 out of the inner frame 27 to a position behind the 

lower portion of the framework 2. The connector 56 has a slanted rear end 56a inclined downwardly in the backward 
direction + 2. The body holder frame 51 has a front end fixedly connected to the slanted rear end 56a. Therefore, the 
body holder frame 51 is angularly movable in the transverse directions - X, + X within a predetermined angular range 
about the vertical shaft 55. 

io The second biasing structure 57 is basically identical to the biasing structure 43. The second biasing structure 57 
comprises a bracket 57a attached to an upstanding support plate 571 which is mounted on a front end of the upper sup- 
port plate 27a parallel to the vertical shaft 55, an outer tube 57b fitted in the bracket 57a, and four cylindrical rubber 
recovery members 57c mounted in the outer tube 57b. 

The vertical shaft 55 has a prismatic rod 55a on its upper end which is fitted in an inner tube, with the four cylindrical 
is rubber recovery members 57c interposed between the inner tube and the outer tube 57b. Therefore, when the vertical 
shaft 55 is turned about its own axis, the four cylindrical rubber recovery members 57c are elastically deformed, storing 
recovery forces. When the body holder frame 51 is angularly moved about the vertical shaft 55, the angular movement 
of the body holder frame 51 is transmitted through the connector 56. the vertical shaft 55, the prismatic rod 55a, and 
the inner tube to the recovery members 57c, which then store recovery forces tending to resist the angular movement 
so of the body holder frame 51 . 

An oblique shaft 58, which extends parallel to and below the leg rest 52, is mounted on and extends rearwardly from 
the slanted rear end 56a of the connector 56. The leg rest 52 supports on its lower surface a bearing 52a fitted over the 
oblique shaft 58 for allowing the leg rest 52 to be angularly moved about the oblique shaft 58. 

The support plate 571 includes a horizontal seat 572 extending horizontally rearwardly from its upper end, and the 
25 prismatic rod 55a of the vertical shaft 55 has an upper end projecting upwardly through the horizontal seat 572. A sec- 
ond angular displacement sensor 59 is fixed coaxially to the projecting upper end of the prismatic rod 55a for detecting 
an angular displacement of the vertical shaft 55 and hence the leg rest 52. 

The body holder frame 51 includes a pair of transversely spaced angles 51c mounted on a rear end thereof and a 
bridge plate 51a extending between and fixed to the angles 51c below the oblique shaft 58. Two transversely spaced 
30 helical springs 51b, which can apply the same biasing forces, are interposed between the leg rest 52 and the bridge 
plate 51a, one on each side of the oblique shaft 58. The helical springs 51b exert resilient biasing forces to normally 
keep the leg rest 52 in a horizontal attitude. When the game player places more body weight on one of the legs on the 
leg rest 52, the leg rest 52 is tilted from the horizontal attitude about the oblique shaft 58, depressing its portion under 
the weighted leg. 

35 Angular displacement sensors 52c are interposed between the leg rest 52 and the bridge plate 51a, one on each 
side of the oblique shaft 58, for detecting an angular displacement of the leg rest 52. 

As shown in FIG. 2, the display monitor 6 comprises a front monitor unit 61 positioned in front of the control lever 3 
between the upstanding frames 25 and a lower monitor unit 62 positioned below the control lever 3 and the front monitor 
unit 61 and between the horizontal bars 24b. The front monitor unit 61 has a monitor screen facing rearwardly and lying 

40 substantially vertically. The lower monitor unit 62 has a monitor screen facing upwardly and inclined upwardly in the for- 
ward direction - 2. When the game player who has the legs placed the leg rest 52, the thighs on the thigh support 53, 
and the hands gripping the grip rod 32 directs the line of sight forwardly, the game player can view the monitor screen 
of the front monitor unit 61 . When the game player directs the light of sight downwardly, the game player can view the 
monitor screen of the lower monitor unit 62. 

45 The control system 7 is positioned in a space that is defined in the rear end of the lower portion of the framework 
2. The control system 7 will be described in detail below with reference to FIG. 5. 

The control system 7 includes a CPU (central processing unit) 100, a bus 102 comprising address, data, and con- 
trol buses and connected to the CPU 100, a graphic data generating processor 103 connected to the CPU 100, a main 
memory 105 connected to the bus 102, a ROM (read-only memory) 106 connected to the bus 102, a polygon data 

so memory 1 07, a texture data memory 1 08 connected to the bus 1 02, a graphic processor 110 connected to the bus 1 02, 
a buffer 1 1 1 connected to the graphic processor 1 10, a recording medium driver 113 connected to the bus 102, and D/A 
(digital-to-analog) converters 1 14, 1 15 connected to the bus 102. Rheostats 1 18, 1 19 are connected through respective 
interfaces 116, 117tothe D/A converters 114, 115. The rheostats 118, 119are incorporated in the angular displace- 
ment sensors 44, 59, respectively, and have respective resistances variable depending on the angular displacements 

55 detected by the displacement sensors 44, 59. A machine-readable recording medium 120 is connected to the recording 
medium driver 113. The recording medium 120 stores image data, audio data, and game data including a computer 
program for controlling the control system 7. Display monitor units 121 , 122, which serve as the front and rear monitor 
units 61 , 62, are connected to the graphic processor 1 10. 
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The flight simulation game apparatus 1 is constructed as an arcade game machine, and the components of the 
control system 7 are placed altogether in a single housing. However, the flight simulation game apparatus 1 is not lim- 
ited to such an arcade game machine, and may have different configurations depending on how it is used. For example, 
if the flight simulation game apparatus 1 is constructed as a game machine for home use, then the display monitor units 

5 1 21 , 1 22 are separate from the other parts of the game apparatus itself. If the flight simulation game apparatus 1 is con- 
structed around a personal computer or a work station, then the display monitor units 121 , 122 correspond to a display 
monitor of such a personal computer or a work station, the processors 103, 1 10 to part of the game data recorded on 
the recording medium 120 or a hardware arrangement on an expansion board inserted in an expansion slot in the per- 
sonal computer or the work station, and the buffer 111 to an area of the main memory 105 or an expansion memory 

to (not shown). 

The various components shown in FIG. 5 will be described in detail below. The graphic data generating processor 
1 03 serves as a coprocessor of the CPU 1 00. The graphic data generating processor 1 03 carries out coordinate trans- 
formations, light source calculations, and matrixes and vectors of fixed point by way of parallel processing. Main 
processing tasks of the graphic data generating processor 103 are coordinate transformations and light source calcu- 
is lations. 

According to the coordinate transformations, absolute coordinate data of vertexes in a two- or three-dimensional 
plane of image data supplied from the CPU 100 are processed to determine addresses of an image in a display area 
based on linear and angular displacement data, and the determined addresses are returned to the CPU 100. The coor- 
dinate transformations will be described in detail later on. According to the light source calculations, the luminance of 
\ 20 an image is calculated depending on vector data of light rays, normal data representing the orientation of the surface of 
y a polygon, and data representing the color of the surface. 

The main memory 105 comprises a writable/readable storage memory such as a RAM (random-access memory) 
or the like, for example, and stores game program data, as described later on. The main memory 105 also stores data 
of linear and angular displacements of objects and a history of linear and angular displacements of the viewpoint. The 
25 ROM 106 stores game program data as an operating system for the flight simulation game apparatus 1 . The game pro- 
gram data in the ROM 106 correspond to a BIOS (Basic Input Output System) in a personal computer. 

The polygon data memory 107 comprises a storage medium such as a ROM or the like, for example, and stores 
three-dimensional absolute coordinate data of vertexes of many polygons. The polygons are polygonal two-dimen- 
sional images which may be of a triangular or rectangular shape in this embodiment Similarly, the texture data memory 
30 1 08 comprises a storage medium such as a ROM or the like, and stores texture data and color palette data. The texture 
data comprise two-dimensional image data, and the color palette data comprise data for indicating colors of the texture 
data. 

The graphic processor 1 10 effects a graphic processing on data contained in the buffer 1 1 1 based on graphic com- 
mands issued from the CPU 100. The buffer 1 1 1 has a display area and a non-display area. The display area is an area 
35 for storing data to be displayed on the display screens of the display monitor units 121 , 122, and the non<Jisp!ay area 
is an area for terrporarily storing the texture data, the color palette data, etc. These data are transferred from the poly- 
gon data memory 107 and the texture data memory 108 to the non-display area of the buffer 1 1 1 by the CPU 100 in 
one cycle or a plurality of cycles in synchronism with the progress of the video game. 

Graphic commands issued from the CPU 100 include, for example, a graphic command for displaying a line, a 
^ 40 graphic command for displaying a three-dimensional image using polygons, and a graphic command for displaying an 
ordinary two-dimensional image. 

The graphic command for displaying a line comprises addresses for starting and ending displaying a line, and data 
representing the color of the line and the displaying of the line. The graphic command for displaying a line is issued from 
the CPU 1 00 directly to the graphic processor 110. 
45 The graphic command for displaying a three-dimensional image using polygons comprises polygon vertex address 
data in the display area of the buffer 111, texture address data indicative of a storage position in the buffer 1 1 1 of texture 
data to be mapped onto polygons, color palette address data indicative of a storage position in the buffer 111 of color 
palette data representing a color of the texture data, and luminance data indicative of a luminance of the texture data. 
Of these data, the polygon vertex address data is calculated by the graphic data generating processor 103 based on 
so polygon absolute coordinate data, polygon motion data, and viewpoint motion data from the CPU 100. The manner in 
which the polygon vertex address data is determined will be described below. 

Motion of an object on the display screens of the display monitor units 121 . 122 is determined by the movement of 
the object itself and the movement of a viewpoint with respect to the object. For example, if only the object moves and 
the viewpoint is fixed, then the motion of the object on the display screens of the display monitor units 121, 122 is the 
55 same as the movement of the object itself. Conversely, if the object does not move and only the viewpoint moves, then 
the motion of the object on the display screens of the display monitor units 121, 122 is the same as the movement of 
the viewpoint itself. The above explanation can be understood more easily if the term "viewpoint" is replaced with a term 
"camera position". Therefore, the display screens of the display monitor units 1 21 , 1 22 display the object thereon as if 
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the object were imaged by a moving camera. While either the object or the viewpoint has been described as moving in 
the above explanation, the data are processed and displayed as if both the object and the viewpoint were moving. 

The motion of the object comprises an angular displacement and a linear displacement. The angular displacement 
of the object with respect to the viewpoint is generated by rotation angles of the object and the viewpoint. The angular 

s displacement and the rotation angles are expressed by 2 x 2 matrices in a data processing which uses a two-dimen- 
sional coordinate system and 3x3 matrices in a data processing which uses a three-dimensional coordinate system. 
The linear displacement of the object with respect to the viewpoint is generated by an object position (coordinates), a 
viewpoint position (coordinates), and a rotation angle of the viewpoint. The rotation angle is expressed by 2 x 2 matrices 
in a data processing which uses a two-dimensional coordinate system and 3x3 matrices in a data processing which 

w uses a three<Jimensional coordinate system. Rotation angles of the object and the viewpoint based on control actions 
from the game player as detected by the rheostats 118, 119 are stored in tables. Based on a control action from the 
game player, the GPU 100 reads corresponding rotation angles of the object and the viewpoint from the tables, and 
uses the read rotation angles to determine angular and linear displacements of the object with respect to the viewpoint. 
Polygon vertex address data in the display area is determined as follows: In response to a control action from the 

J5 game player, the CPU 100 determines a rotation angle and a position of the object and a rotation angle and a position 
of the viewpoint. Based on the determined rotation angles of the object and the viewpoint, the CPU 100 determines an 
angular displacement of the object with respect to the viewpoint. Based on the position of the object and the position 
and rotation angle of the viewpoint, the CPU 100 determines a linear displacement of the object with respect to the 
viewpoint. If the angular and linear displacement data of the object are processed using a three-dimensional coordinate 

20 system, then they are expressed in 3 x 3 matrices. 

The angular and linear displacement data of the object are supplied together with polygon absolute coordinate data 
to the graphic data generating processor 103. Based on the supplied angular and linear displacement data of the 
object, the graphic data generating processor 103 converts the polygon absolute coordinate data to polygon vertex 
address data. The polygon absolute coordinate data is obtained according to the above process. 

25 The polygon vertex address data represents addresses in the display area of the buffer 111. The graphic processor 
1 10 establishes a triangular or rectangular range in the display area of the buffer 111 which is represented by three or 
four polygon vertex address data, and writes texture data in the established range. Such a writing process is generally 
referred to as "texture mapping*. The display screens of the display monitor units 121, 122 display an object with texture 
data mapped onto a number of polygons which the object is constructed of. 

30 The graphic command for displaying an ordinary two-dimensional image comprises vertex address data, texture 
address data, color palette address data, and luminance data indicative of a luminance of the texture data. Of these 
data, the vertex address data comprises coordinate data produced when vertex coordinate data in a two-dimensional 
space from the CPU 100 are transformed by the graphic data generating processor 103 based on linear displacement 
data from the CPU 100. 

35 The recording medium driver 1 13 may comprise a hard disk drive, an optical disk drive, a flexible disk drive, a sili- 
con disk drive, a cassette reader, or the like, and the recording medium 120 may comprise a hard disk, an optical disk, 
a flexible disk, a semiconductor memory, or the like. The recording medium driver 113 reads game program data from 
the recording medium 120, effects an error-correcting process on the game program data with an ECC (Error-Correct- 
ing Code), and supplies the error-corrected game program data to the main memory 105. 

40 The D/A converters 114, 115 read detected voltages from the rheostats 118, 119 incorporated in the angular dis- 
placement sensors 44. 59, through the respective interlaces 1 16, 1 1 7 in periodic cycles, and convert the detected volt- 
ages into digital data. The digital data produced by the D/A converters 1 1 4, 1 15 represent control actions from the game 
player. 

Basic operation of the flight simulation game apparatus 1 will be described below. Detailed operation of the flight 

45 simulation game apparatus 1 will be described later on with reference to a flowchart. 

A power supply switch (not shown) of the flight simulation game apparatus 1 is turned on. If the recording medium 
1 20 is inserted in the recording medium driver 113, then the CPU 1 00 instructs the recording medium driver 1 1 3 to read 
the game data from the recording medium 120 based on the operating system stored in the ROM 106. The recording 
medium driver 113 then reads the game program data from the recording medium 120, and effects an error-correcting 

so process on the game program data. The error-corrected game program data are supplied to the main memory 1 05. The 
CPU 100 then carries out the flight simulation game based on the game program data stored in the main memory 105 
and commands entered by the game player, i.e.. output signals from the D/A converters 114, 115. Specifically, the CPU 
100 controls image processing and internal processing operations based on commands entered by the game player. In 
the image processing operation, angular and linear displacement data and absolute coordinate data are supplied to the 

55 graphic data generating processor 103, and graphic commands including address data and luminance data in the dis- 
play area of the buffer 111, determined by the graphic data generating processor 103, are issued. In the internal 
processing operation, calculations are carried out based on commands entered by the game player. 

FIG. 6 shows in block form functions that are performed by the control system shown in FIG. 5. The CPU 100 per- 
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forms certain functions shown in FIG. 6 when it reads the game program data which have been read from the recording 
medium 120 and stored in the main memory 105. As shown in FIG. 5, the functions performed by the CPU 100 include 
a coordinate position detector 100a, a speed calculator 100b, a viewpoint calculator 100c, a data calculator 100d, an 
image processor 100e, and a pair of display controllers 100f. 

5 The coordinate position detector 100a calculates, as control actions of the game player, the differences between 

detected voltages produced by the rheostats 118 t 119 when the control lever 3 and the horizontal connector 56 are 
operated by the game player and reference voltages produced by the rheostats 118, 119 when the vertical rods 31 of 
the control lever 3 are in the vertical plane and the horizontal connector 56 lies parallel to the longitudinal directions - Z, 
+ Z, and calculates linear and angular displacements of the character from the calculated control actions. The speed 

io calculator 100b determined a speed of movement of the character as a vector, i.e., a quantity having a value and a 
direction, from the linear and angular displacements calculated by the coordinate position detector 100a. 

The viewpoint calculator 100c calculates linear and angular displacements of the viewpoint based on the linear and 
angular displacements calculated by the coordinate position detector 100a, the speed calculated by the speed calcula- 
tor 100b, and a history of linear and angular displacements of the character and the viewpoint which are stored in the 

15 main memory 105. The data calculator 100d calculates polygon vertex data, etc. based on the linear and angular dis- 
placements calculated by the coordinate position detector 100a and the linear and angular displacements calculated by 
the viewpoint calculator 100c. The image processor lOOe produces image data based on the polygon vertex data, etc. 
calculated by the data calculator 1 0Od. The display controllers 1 0Of control the display monitor units 121 , 1 22 to display 
an image based on the image data produced by the image processor 100e. 

20 FIGS. 7 and 8 illustrate a process of calculating linear and angular displacements of the viewpoint with the view- 
point calculator 100c. 

According to this embodiment, as shown in FIG. 8, the coordinates of a character P are given as absolute coordi- 
nates, i.e.. coordinates P (X 1f Y-j , Z-,) in a world coordinate system with a fixed origin O, and the coordinates of a view- 
point Q are given as coordinates Q (x, y, z) in a local coordinate system whose origin is located at the position of the 

25 character R Angular displacements of the character P and the viewpoint Q are given as respective angular displace- 
ments P (©x, ©y ©z). Q (6 X . e y> 6z) with respect to the world coordinate system. Each of the world and local coordinate 
systems is a so-called right-handed system which has a + X axis which extends to the right as viewed from the game 
player, a + Y axis which extends upwardly, and a + Z axis which extends toward the game player. 

When the coordinate position detector 100a calculates coordinates, which can be determined immediately from a 

30 linear displacement, and an angular displacement of the character, and the speed calculator 100b determines a vector 
of movement of the character, the viewpoint calculator 100c determines coordinates Q (x, y, z) of the viewpoint accord- 
ing to the following equations (1): 

x = -k,-0 2 

y = 0 •••(!) 
z = k 2 -|v|+k 3 

where the vector V represents a speed vector of the character, k-j ~ k 3 are positive constants, and ©z is calculated by 
the following equation (2): 

45 ©2, c ©^^ + k x sin(a> - © Zi .-,) (2) 

where © Zi represents a present calculated angular displacement of the character about the Z-axis, ©zm a preceding 
calculated angular displacement of the character about the Z-axis, oo an angular displacement of the leg lest 52, and k 
a positive constant. The equation (2) contains a time lag factor because the hang glider starts turning with a slight time 
so lag after the game player turns the horizontal grip rod 32 of the control lever 3 horizontally laterally due to hang glider 
handling characteristics. 

Visual effects produced by the equations (1) will be described below. The equation x expresses the manner in 
which centrifugal forces act on the character in the direction in which the character turns, i.e.. when the viewpoint is 
moved depending on ©z- Specifically, since the hang glider turns to the left or right when the horizontal grip rod 32 is 
55 turned horizontally laterally, the viewpoint is moved laterally based on the angular displacement of the leg rest 52 (cor- 
responding to ©z) upon horizontal turning movement of the horizontal grip rod 32. The constant k-j has a negative sign 
because the centrifugal forces are applied in the direction opposite to the direction in which the character turns. The 
equation y indicates that the viewpoint is placed directly behind the character in the horizontal direction. The equation 
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z indicates that the viewpoint is placed behind the character for a clear wide view because it is more difficult to control 
the hang glider as the speed of the character is higher, and that the viewpoint becomes farther from the character as 
the speed of the character is higher in order to express speed on the displayed image. 

Similarly, the angular displacement Q (6 X . G y 0 2 ) of the viewpoint Q is given by the following equations (3): 



0.= 



0 : = 



6. = ^ 



(3) 



where the suffix i added to each of the components of the angular displacement represents a present calculated value, 
the suffix i-1 a preceding calculated value, and k4 - kg positive constants. 

Visual effects produced by the equations (3) will be described below. The equation e x serves to add a time lag fac- 
tor, i.e., to give a visual effect to follow the angular displacement of the character. In addition, @ z corresponds to an 
angle of elevation or depression when the character sees forward in its direction of flight. If the character glides over a 
steep valley, then the character tends to glide down the surface of valley, and naturally look down. Therefore, the image 
as viewed from the viewpoint represents the bottom of the valley as viewed from above. The equation 8 y also serves to 
add a time lag factor for thereby giving a visual effect to follow the angular displacement of the character. The equation 
e z represents a tilt of the image as viewed from the viewpoint depending on the angular displacement of the character. 

The equations e x . e y calculate respective time lag factors from the difference between the angular displacement of 
the character and the preceding calculated angular displacement of the viewpoint. However, such time lag factors may 
be calculated from a history of angular displacements of the character, i.e., several angular displacements of the char- 
acter which have been calculated in the past. The above equations e x , e y however, offer an advantage in that they do 
not need a substantially memory capacity. 

After the coordinates Q (x, y, z) of the viewpoint are calculated, the coordinates P (X 1( Y 1 , Z-,) of the character are 
added to the coordinates Q (x, y, z) thereby to determine coordinates Q (X 2 , Y 2 , Z 2 ) of the viewpoint in the world coor- 
dinate system. Thereafter, the coordinates of the viewpoint are supplied as - X 2 , - Y 2 , - Z 2 to the data calculator 100d, 
and the values - e x , ■ 6y, - e z of the angular displacement are converted into a rotation matrix, which is supplied to the 
data calculator 100d. The data calculator 100d then calculates polygon vertex data based on the viewpoint. 

FIG. 9 shows an operation sequence of the flight simulation game apparatus 1. The operation sequence shown in 
FIG. 9 is executed in every 1/60 second. When the power supply switch is turned on, the recording medium driver 113 
reads the game program data from the recording medium 120 according to a command from the operating system 
stored in the ROM 106, and stores the game program data in the main memory 105. The CPU 100 is now capable of 
performing the functions shown in FIG. 6. The steps of the operation sequence shown in FIG. 9 are carried out as the 
game program represented by the game program data is executed. 

At the same time, texture data are read from the texture data memory 1 08 and stored in the non-display area of the 
buffer 111, and are assigned respective texture numbers. Although not all texture data are actually stored in the buffer 
1 1 1 , it is assumed for illustrative purposes that all texture data are stored in the buffer 111. 

In a step S1 , the CPU 100 calculates two manipulated quantities of the control lever 3 and the leg rest 52 which are 
produced by control actions made by the game player are calculated on the basis of output signals from the rheostats 
1 18, 119. Then, the CPU 100 calculates changes in the two manipulated quantities in a step S2. In a step S3, the CPU 
1 00 calculates a present position and a present direction of the character based on the changes in the two manipulated 
quantities which are calculated in the step S2. In a step S4, the CPU 100 calculates a viewpoint from and a direction in 
which the character is to be viewed, based on the present position and the present direction of the character which are 
calculated in the step S3. The present position and the present direction of the character, and the viewpoint from and 
the direction in which the character is to be viewed, thus calculated in the steps S3, S4 are successively stored in the 
main memory 105. In a step S5, an image is produced and displayed on the basis of the present position and the 
present direction of the character, and the viewpoint from and the direction in which the character is to be viewed, which 
have been calculated and stored in the main memory 10. 

As described above, the pseudo-three-dimensional image displaying apparatus according to the present invention 
is capable of simulating the viewpoint from and the direction in which the character is viewed, depending on the orien- 
tation, etc. of the game player. 
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The viewpoint from and the direction in which the character is to be viewed may be calculated in view of parameters 
other than the coordinates and angular displacements of the character and the viewpoint. For example, the viewpoint 
from and the direction in which the character is to be viewed may be calculated in view of gradient data of terrain over 
which the character is flying, such that when the character is gliding over a steep valley, the direction in which the char- 
acter is to be viewed may be oriented downwardly to view the bottom of the valley from above. 

Although a certain preferred embodiment of the present invention has been shown and described in detail, it should 
be understood that various changes and modifications may be made therein without departing from the scope of the 
appended claims. 

Claims 

1 . An apparatus for displaying a pseudo-three-dimensional image, as viewed from a given viewpoint, of a moving 
object whose three-dimensional coordinates and rotational angles have been established, comprising: 

first memory means for storing a history of coordinates and/or rotation angles of the moving object; 
viewpoint determining means for determining coordinates and/or rotation angles of the viewpoint based on the 
history, stored in said first memory means, of coordinates and/or rotation angles of the moving object; and 
display control means for generating and displaying an image as viewed from the viewpoint at the coordinates 
and/or rotation angles determined by said viewpoint determining means. 

2. An apparatus according to claim 1 , further comprising: 

second memory means for storing a history of coordinates and/or rotation angles of the viewpoint; 
said viewpoint determining means comprising means for determining coordinates and/or rotation angles of the 
viewpoint also based on the history, stored in said second memory means, of coordinates and/or rotation 
angles of the viewpoint. 

3. An apparatus according to claim 1 or 2, further comprising: 

speed calculating means for calculating a speed of the moving object; 

said viewpoint determining means comprising means for determining coordinates and/or rotation angles of the 
viewpoint also based on the speed of the moving object calculated by said speed calculating means. 

4. An apparatus according to claim 1 , wherein said moving object moves over terrain whose three<iimensional coor- 
dinates have been established, further comprising: 

gradient calculating means for calculating a gradient of the terrain below said moving object; 

said viewpoint determining means comprising means for determining coordinates and/or rotation angles of the 

viewpoint also based on the gradient calculated by said gradient calculating means. 

5. A method of displaying a pseudo-three-dimensional image, as viewed from a given viewpoint, of a moving object 
whose three-dimensional coordinates and rotational angles have been established, comprising the steps of: 

storing a history of coordinates and/or rotation angles of the moving object; 

determining coordinates and/or rotation angles of the viewpoint based on the stored history of coordinates 
and/or rotation angles of the moving object; and 

generating and displaying an image as viewed from the viewpoint at the determined coordinates and/or rota- 
tion angles. 

6. A method according to claim 5, further comprising the steps of: 

storing a history of coordinates and/or rotation angles of the viewpoint; and 

determining coordinates and/or rotation angles of the viewpoint also based on the stored history of coordinates 
and/or rotation angles of the viewpoint. 

7. A method according to claim 5 or 6 t further comprising the steips of: 

en . . 

calculating a speed of the moving object; and 
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determining coordinates and/or rotation angles of the viewpoint also based on the calculated speed of the mov- 
ing object. 

8. A method according to claim 5, wherein said moving object moves over terrain whose three-dimensional coordi- 
s nates have been established, further comprising the steps of: 

calculating a gradient of the terrain below said moving object; and 

determining coordinates and/or rotation angles of the viewpoint also based on the calculated gradient. 

10 9. A machine-readable recording medium which stores a computer program for controlling a computer to execute a 
process of displaying a pseudo-three-dimensional image, as viewed from a given viewpoint, of a moving object 
whose three-dimensional coordinates and rotational angles have been established, said computer program com- 
prising the steps of: 

is storing a history of coordinates and/or rotation angles of the moving object; 

determining coordinates and/or rotation angles of the viewpoint based on the stored history of coordinates 
and/or rotation angles of the moving object; and 

generating and displaying an image as viewed from the viewpoint at the determined coordinates and/or rota- 
tion angles. 
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FIG.3A 




15 



BNSDOCID: <FP 



EP 0 859 338 A2 




EP 0 859 338 A2 



00 



LU O 

ZD LU 
J— S 
X 
LU 



o 



cr 

c: S 
e; LU 

_l 
o 



CO 



LO 
CD 



O 



2\j 



cr: 
o 
se 

LU 



O 
O 



CO 

o 



LO 



en 

LU 
h- 

\LU 
Q> 

O 
O 



<CCH 
\LU 

O 
O 



CO 













I— 
<c 


1 1 

\ 




ST 




-< 


o 






LU 






















CO 








AT 


LL 




ST 




< 


o 

LU 












en 




o 



Kg 



oo 

— 00 

3: co 

Q. LLl 
<G 

ceo 

CL 



lu 



CD 



-< 












<o 






ozcr 






— o 




ZD 


OH- CO 




Q_ 


— <cco 


< > 


O 


zroruj 






Q-UJO 






<CZO 






enmen 













2\ 



CO 



CNJ 



17 



BNSDOCID: <[=P ftflfifi^'WA? I ^> 



EP 0 859 338 A2 





18 



EP 0 859 338 A2 



FIG. 7 

Y 

PCX^Yj.zp Q(X 2l Y2,Z 2 ) 




FIG.8 

LOCAL COORDINATE SYSTEM 




Duorwin. -era 



EP 0 859 338 A2 



FIG. 9 



( START ) 



S1 


t 


CALCULATE MANIPULATED 
QUANTITIES 


S2 


< 


CALCULATE CHANGES 


S3 , 


t 


CALCULATE PRESENT POSITION 
AND DIRECTION OF CHARACTER 


S4 


f 


CALCULATE VIEWPOINT FROM 
AND DIRECTION IN WHICH 
CHARACTER IS TO BE VIEWED 


S5 


r 


GENERATE AND DISPLAY IMAGE 


> 





( ) 



